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1.0  Introduction 

^e  Human  Factors  Engineering  Division  (HFE)  of  the  Aircraft  and  Crew 
Systems  Technology  Directorate  (ACSTD)  at  the  Naval  Air  Development  Center 
( MAOC )  is  currently  engaged  in  the  evaluation  of  a  diffractive  optics  Head-Up 
Display  (HUP). 

A.This  Advanced  Integrated  Display  System  (AIDS)  HUD  employs  a 
state-of-the-art  diffraction-optic  or  holographic  combiner,  and  represents  the 
first  such  system  configured  for  use  in  a  high  performance  Naval  aircraft 
(F/A-18). 

\The  Hughes  Aircraft  Co.  (HAC)  of  El  Segundo,  Cal.,  under  the  technical 
direction  of  HFE  at  NADC,  has  developed  the  AIDS  HUD  in  a  three  year 
incremental  effort  commencing  October  1978^ 

The  HUD  equipment  delivered  under  Contract  N62269-78-C-0232  consisted  of 
one  pilot's  display  unit  (PDU),  a  spare  holographic  combiner,  and  a  spare 
CRT/deflection  yoke. 

Another  deliv^ible  received  under  this  contract  was  a  mock-up  of  the 
F-18  cockpit  flight  control /instrument  panel  and  AIDS'  HUD  with  its  wide 
field-of-view  combiner.  Figures  1A  and  IB. 

The  AIPS/F-18  Diffractive  Optics  HUD,  Figure  2,  is  a  unique  type  of 
Head-Up  Display  which  employes  diffractive  optics  in  its  combiner  rather  than 
conventional  refractive  optics. 

The  diffractive  optic  approach  represents  a  major  advance  in  optical 
performance  over  that  of  a  conventional  system,  particularly  from  the 
standpoint  of  angular  field-of-view  and  display  brightness. 

The  diffractive  optics  combiner  is  analogous  to  a  wavelength  sensitive 
mirror  with  lens-like  optical  magnification  or  power.  These  qualities  permit 
efficient  reflection  of  display  symbology  while  simultaneously  transmitting 
most  of  the  external  world  illumination  (high  transmissivity),  and  make 
possible  a  large  instantaneous  binoular  field  of  view  (FOV). 

The  diffractive  property  of  this  combiner  is  contained  in  a  transparent 
dlchronated  gelatin  film  which  is  sealed  within  the  glass  substrate  and  cover 
glass  of  the  combiner. 
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Figure  1A.  F-18/AIDS  -HUD  Instrument 
Panel  Mock-up 
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Figure  ID.  F-18/AIDS  HUC  Instrument 
Panel  Mock-up 
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Figure  2.  AIDS  (F/A-18)  HUD 


2.0  System  Description 

The  system  block  diagram  of  the  AIDS  HUD,  also  known  as  the  pilot's 
display  unit  (PDU),  is  shown  in  Figure  3. 

The  PDU  consists  of  a  subassembly  which  houses  the  cathode  ray  tube  and 
deflection  yoke,  relay  lens  assembly,  folding  mirror/sun  band  pass  filter,  and 
diffraction  optic  lens/combiner  shown  in  Figures  3  and  4. 

Other  components  of  the  PDU  include  high  and  low  voltage  power  supplies 
(HVPS,  LVPS),  light  sensor  for  automatic  brightness  control,  ancillary  and 
display  electronics,  and  AIDS  HUD  control  panel  (power  on/off,  day/night 
viewing  mode,  HUD  symbology  brightness,  video  brightness,  video  contrast, 
symbol ogy/video  switch).  See  Figures  5  and  6. 

The  display  brightness,  although  manually  controlled,  is  automatically 
controllable  to  maintain  a  1.4  contrast  ratio  in  the  presence  of  varying 
background  light  levels. 

The  AIDS  HUD  field  of  view  (FOV)  in  comparison  to  F/A-18  HUD  FOV  is 
illustrated  in  Figure  7. 
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Figure  3.  AIDS  HUD  Elements 


Figure  4.  Elements  of  Diffraction  Optics  HUD 
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Figure  5.  AIDS  Head-Up  Display 
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Figure  6.  AIDS  Head-Up  Display  Demonstration 
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AIDS  HUD 


REFLECTIVE  HUD 
(F/A-18  HUD  SPEC) 


IFOV  SEEN 

IFOV  SEEN 

BY  LEFT  EYE 

BY  RIGHT  EYE 

IFOV  SEEN 
BY  BOTH  EYES 
(OBIFOV) 


Figure  7.  HUD  Field  of  View 


The  optical  element  characteristics  of  the  combiner  and  relay  lens 
assembly  are  shown  in  Figure  8. 

The  AIDS  HUD  system  optical  performance  characteristics  are  shown  in 
Figure  9. 

The  AIDS  HUD  is  designed  to  interface  with  the  onboard  F-18  symbol 
generator.  In  order  to  compensate  for  FOV  differences  between  the  F-18  HUD 
and  the  AIDS  HUD,  software  interface  discrepancy  compensation  in  scaling, 
registration  and  video  is  presented  to  the  F-18  symbol  generator  on  the  wide 
FOV  AIDS  HUD. 

The  AIDS  HUD  can  be  demonstrated  independently  using  a  60  cycle,  110  V 
source  employing  the  Hughes'  Avionics  Interface  Simulator  and  a  525/875  line 
tv  camera. 

Modes  selectable  by  the  portable  demonstrator  include  stroke  symbology 
alone  (navigation,  terrain  avoidance,  air-to-ground,  and  air-to-air),  video 
raster  alone,  and  stroke  symbology  superimposed  over  video  (one  mode).  See 
Figure  6. 

The  AIDS  DHUD  has  been  designed  to  interface  with  the  other  display 
elements  of  AIDS  and  F-18  avionics  via  a  MIL-STD-1553A  digital  multiplex 
system  and  a  wideband  multiplex  system.  Inputs  from  the  digital  multiplex 
system  control  the  symbol  generation  process.  The  digital  multiplex  system  is 
utilized  for  start  up/util ization  commands  to  the  HUD,  mode  selection  (stroke 
or  raster),  and  for  status/BITE  reporting  to  the  HUD. 
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Figure  8 


COMBINER 

SEND  ANGLE 
FOCAL  LENGTH 
F-NUMBER 
RADIUS 
SIZE 

RELAY  LENS  ASSEMBLY 

HELD  OF  VIEW 
F-NUMBER 
WIDTH 
LENGTH 

AIDS  F/A-18  HUD  Optical 


46  DEG 
10  IN. 

2.32 
20  IN. 

1 1.5  X  8.7  IN.  (APPROXJ 

45  DEG 
0.74 

4.7  IN  (APPROXJ 

8.5  IN  (APPROXJ 

Element  Characteristics 


HORIZONTAL  FIELD  OF  VIEW 


TOTAL 

30  DEG 

INSTANTANEOUS 

30  DEG 

VERTICAL  FIELD  OF  VIEW 

TOTAL 

20  DEG 

INSTANTANEOUS 

18  DEG 

EXIT  PUPIL  SIZE 

4.3  X  GO  IN 

EXIT  PURL  TO  COMBINER 

24  IN  (APPROXJ 

CRT  DIAMETER 

GO  IN 

SYSTEM  F-NUMBER 

1.20 

Figure  9.  AIDS  F/A-18  HUD  Optical  System  Characteristics 
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3.0  Current  Status 


The  AIDS/F-18  HUD  Is  currently  being  evaluated  in  the  Manned  Air  Combat 
Simulator  (MACS)  at  McDonnell  Douglas  Corporation,  St.  Louis,  MO.  It  is 
planned  that  the  HUD  will  be  installed  in  an  F/A-18  aircraft  for  a  limited 
flight  test  evaluation  in  the  1982  time  period. 

Subsequently,  the  HUD  will  be  returned  to  the  Crew  Station  Evaluation 
Facility  (CREST)  at  NADC  for  human  factors  evaluation  in  developing  advanced 
HUD  concepts. 

4.0  Associated  Documentation 


Documentation  received  from  the  contractor,  (HAC)  under  this  contract 
consisted  of: 

(1)  Test  Vehicle  Installation  (T.V.I.)  Inspection 

(2)  Inspection/Test  Report 

(3)  Program  Quality  Requirements 

(4)  Environmental  Test  Procedure  and  Test  Results 

(5)  AIDS  HUD  Combiner  Test  Procedure  and  Test  Results  for  Combiner 
#1TA-4C. 

(6)  Acceptance  Test  Procedure  (ATP)  for  the  Advanced  Development  Model 
(ADM)  HUD  for  the  Advanced  Integrated  Display  System  (AIDS)  and 
Test  Results 

(7)  Engineering  Drawings  (Commercial) 

Mechanical  &  Electrical  (assemble,  test,  &  troubleshoot) 

(8)  PDU-Installation  Control  Dwg  AIDS  HUD 

(9)  Advanced  Development  Model  (ADM)  Specification  for  the  AIDS  HUD 

(10)  AIDS  HUD  Mount  Test  Stand 

(11)  AIDS  HUD  Interface  Control  Document 

(12)  Combiner  Specifications,  AIDS  HUD 

(13)  Layout  -  AIDS  HUD  (Figure  10) 

Documentation  pending  from  the  contractor  are: 

(1)  Final  Report* 

♦This  report  has  been  postponed  to  1  September  1982  In  order  to 
permit  Inclusion  of  simulation  and  flight  test  data. 

5.0  Preliminary  AIDS  HUD  Utilization  Plan 

(See  Figure  11) 

6.0  Future  Plans 

I .  Near-Term 


Near-Term  future  plans  for  the  AIDS  HUD  include  an  interim  HUD 
support  program.  This  program  would  be  a  field  engineering  type  project  In 
which  the  contractor,  HAC,  would  assist  MCAIR  in  integration  of  the  HUD  with 
the  Manned  Air  Combat  Simulators  (MACS  3.0  and  3.5  simulators).  MACS  3.0  is  a 
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simulator  consisting  of  rack  mounted  factory  test  and  commercial  equipment 
while  MACS  3.5  Is  the  simulator  consisting  of  actual  F-18  aircraft  avionics 
Interfacing  physically  and  electrically  with  the  HUD. 

HAC  would  also  assist  In  the  HUD  Integration  with  the  F/A-18  flight 
test  vehicle,  provide  spare  parts  and  routine  maintenance,  planning  of  the 
flight  tests,  and  conduct  an  evaluation  of  the  flight  test  results. 

The  Near-Term  future  plan  should  be  completed  by  31  December  1982. 

II.  Mid-Term 


Mid- Term  future  plans  could  Include  an  AIDS  HUD  Control /D1 spl ay 
panel.  This  would  consist  of  an  effort  to  provide  additional  controls  and  a 
3"  x  4“  solid  state  matrix  display  In  the  Up  Front  Control  Panel  (UFCP) 
location  on  the  back  of  the  AIDS  HUD.  A  small  electronics  unit  would  be 
Included  to  Interface  these  functions  with  the  avionics  bus. 

The  actual  flat-panel  display  technology  has  not  as  yet  been 
established.  However,  the  program  would  Include  evaluation  of  limited  display 
sarnies  In  the  AIDS  HUD  near-term  flight  test. 

III.  Far-Term 


A  Far-Term  future  plan  might  Include  an  effort  to  develop  a 
recording  system  for  the  AIDS  HUD.  Because  of  the  geometry  Involved  In  the 
wide  FOV  AIDS  HUD,  a  visual  obscuration  Is  encountered  by  a  HUD  camera  probe. 

A  satisfactory  trade-off  would  be  to  move  the  camera  forward  of  the 
combiner  and  electronically  combine  the  symbols  with  the  camera  video. 

The  basic  task  then  Is  to  take  analog  X,  Y,  and  Z  signals,  and 
convert  them  Into  the  raster  format  for  synchronization  with  the  HUD  recording 
camera.  It  would  be  assumed  that  an  actual  video  tape  recorder  would  be 

util Ized. 

7.0  Report: 

I.  What  Is  a  Head-Up  Display  or  HUD? 

The  Head-Up  Display  or  HUD  Is  an  electro-optical  Instrument  that 

displays  flight  Information  of  several  selectable  modes  In  a  collimated  form 

so  that  the  pilot  can  view  this  Information  superimposed  on  the  outside  world 
without  having  to  change  his/her  line  of  sight  or  visual  accommodation. 

Selectable  modes  may  Include  take  off,  navigation,  landing,  weapons 
delivery,  terrain  following,  etc. 

The  HUD  Is  hard-mounted  to  the  airframe  and  boreslghted  to  the 

Armament  Datum  Line  (ADD  of  an  aircraft  (Figure  12). 

II.  Refractive  HUD 


Fssentlal  features  of  a  refractive  or  conventional  HUD  consist  of  a 
cathode  ray  tube  (CRT)  with  a  wide  band  spectral  phosphor  such  as  PI,  or  P20, 
or  P31 ,  etc.,  a  folding  mirror,  collimating  lens,  and  a  flat  combiner  (Figure 

13). 
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The  folding  mirror  reflects  symbology  off  the  CRT  Into  the 

collimating  lens.  The  collimating  lens  receives  divergent  light  rays  of  the 
CRT  Image  and  renders  them  parallel.  A  flat  combiner  or  beam  splitter 

reflects  the  collimated  Image  Into  the  pilot's  forward  FOV. 

The  Instantaneous  field  of  view  (IFOV)  is  equal  to  the  flat  area  of 
the  collimating  lens.  The  total  field  of  view  (TFOV)  is  equal  to  the 

magnification  size  of  the  CRT  faceplace  as  Imaged  through  the  optical  system. 

The  IFOV  Is  somewhat  smaller  than  the  TFOV.  The  pilot  by  moving 
his/her  head  In  various  positions  is  able  to  see  the  TFOV. 

The  combiner  In  a  refractive  HUD  is  responsible  for  the  largest 
share  of  light  loss  In  the  optical  system.  Its  reflectivity  Is  typically  25% 
while  Its  see-through  transmission  Is  75%. 

The  typical  light  efficiency  of  a  refractive  HUD  from  CRT  to  the 
pilot's  eyes  Is  approximately  16%. 

III.  Diffractive  HUD 


Distinguishing  features  of  a  diffractive  HUD,  (DHUD)  are  a 
high-gain,  narrow  bandwidth  P43,  or  P44,  or  P53  phosphor  CRT,  a  folding 
mirror,  and  a  concave  aspheric  combiner  which  also  serves  as  a  collimating 
element  (Figure  14). 


Figure  14.  Principal  Components  of  a  Diffractive  Optics  HUD 
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The  DHUD  employs  a  pupil -forming  system  In  which  symbology  from  the 
CRT  Is  relayed  by  lenses  to  form  an  Intermediate  Image  In  space  at  the  focal 
plane  of  the  combiner.  The  combiner  Is  used  as  an  eyepiece  to  provide  a 
collimated  Image  of  the  CRT  face  plate.  The  exit  pupil  Is  formed  at  the 
pilot's  nominal  eye  position  and  Is  the  magnified  image  of  a  real  aperture 
stop  located  In  the  relay  lens.  The  TFOV  display  can  be  viewed  from  any  point 
within  this  exit  pupil. 

The  DHUD  uses  a  holographic  optical  element  (HOE)  in  its  wide  angle 
combiner.  The  HOE  Is  a  thin.  Invisible,  dlchromated  gelatin,  diffractive 
grating  film  located  on  the  glass  substrate  of  the  combiner-coil Imator.  The 
HOE  Is  hydroscopic,  baked,  and  protectively  covered  and  sealed  by  a  glass 
cover  plate.  The  glass  cover  plate.  In  turn,  has  an  anti -reflection  coating 
to  enhance  optical  performance. 

The  DHUD  contains  a  fiigh-galn,  narrow  bandwidth  P-43  phosphor  CRT, 
whose  response  spectrum  fs  matched  by  the  diffractive  (reflective) 
characteristics  of  the  HOE.  '^e  DHUO  combiner  has  a  diffractive  efficiency  of 
B0%,  while  Its  see-through  property  Is  85%.  The  typical  light  efficiency  of  a 
DHUD  from  CRT  to  the  pilot'  i  eyes  is  approximately  48  to  50%.  Accuracies 
recently  measured  during  '<aceeft*M*  testing  were  0.4mr  at  the  center  and  2.9mr 
10*  off  axis  (near  edge). 

Because  of  the  DHiSO's  high  diffractive/reflective  efficiency  (80%), 
stroke  symbology  superimposed  over  525/875  line  TV/FLIR  sensor  video  raster  Is 
obtainable  under  subdued  environmental  lighting.  Up  to  14  shades  of  gray 
under  the  sane  conditions  are  obtainable  In  the  raster  display. 

The  IFOV  Is  larger  In  a  DHUD  than  in  a  refractive  HUD  because  the 
collimating  elements  are  no  longer  lenses  Inside  the  confines  of  the  HUD  but 
exist  as  the  large  aspheric  reflective  surface  of  the  collimating  combiner 
outside  the  confines  of  the  HUD. 

The  collimating  combiner  In  a  DHUD  subtends  a  larger  visual  angle 
than  the  collimating  lenses  In  a  refractive  HUD  which  makes  the  IFOV  larger. 
This  Is  so  because  the  collimating  element  (combiner)  Is  larger  and  closer  to 
the  eye  than  the  collimating  element  (collimating  lens)  In  a  refractive  HUD. 

The  combiner  In  a  DHUD  both  collimates  and  reflects  the  CRT 
symbology  Into  the  pilot's  FOV.  The  relay  lens  also  compensates  for  the 
aberrations  Induced  by  the  Bend  angle  0  (Figure  14).  The  Bend  angle  is  the 
angle  formed  on  the  combiner's  Inside  aspheric  concave  surface  by  the 
Intersection  of  the  visual  axis  from  the  design  eye  position  and  the  chief  ray 
from  the  center  of  the  CRT  faceplate.  The  greater  this  Bend  angle,  the 
greater  the  aberrations  the  relav  lens  Is  required  to  correct.  The  Bend  angle 
for  the  AIDS/F-18  combiner  Is  46  . 

In  a  DHUD,  the  IFOV  Is  almost  as  large  as  the  TFOV.  The  IFOV  In 
the  AIDS/F-18  DHUD  Is  18*V  x  30*H,  while  its  TFOV  Is  22#V  x  30*H.  The  pilot 
sees  almost  all  of  the  TFOV  without  changing  his  head  position,  which  Is 
typically  1  1/2  to  2  times  as  large  as  the  IFOV  In  a  refractive  HUD. 

See-through  transmission  of  the  AIDS/F-18  DHUD  Is  85%  while  In  the 
refractive  HUD  see-through  transmission  Is  typically  70%. 
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IV.  Reliability  and  Maintainability  (RW)  Considerations  of  a  DHIID 

/ 

Although  actual  operational  information  Is  presently  unavailable  on 
P.91  statistics  for  DHUDs,  one  can  logically  predict  the  life  extension 
property  of  operating  the  CRT  at  a  lower  beam  intensity  because  of  the  more 
efficient  optical  projection  systems. 

Referring  to  Figure  15,  one  can  determine  that  CRT  phosphors  are 
more  efficient  at  lower  CRT  beam  currents  than  at  higher  ones  (before 
saturation  takes  effect). 


Figure  15.  Bright  vs.  Current  Density  for  Yarlous  Phosphors 


The  advantage  gained  by  using  lower  beam  currents  Is  non-linear. 
The  Increased  life  expectancy  of  the  CRT  Is  a  function  of  the  product  of 

reduced  beam  current  and  the  Increased  optical  efficiency  using  a  diffractive 

optics  combiner  in  reflecting  CRT  Imagery  over  the  decreased  efficiency  of  a 
coventional  bean  splitting  combiner  times  the  Increased  CRT  beam  current. 

An  example  of  this  relationship  can  be  Illustrated  by  using  Figure 
15.  The  most  efficient  phosphor  In  the  figure  Is  P-43.  For  a  light  output  of 

9000  foot  lamberts  (30,834  cd/m2),  a  current  density  of  45  u  amps/cm2  is 

required. 
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The  brightness  advantage  In  using  diffractive  optics  in  the 
combiner  is  about  3.5  to  one.  For  example, 

Diffractive  combiner  efficiency  =  80*  =3.4 
Refractive  combiner  efficiency  251 

or 

Diffractive  system  efficiency  =  50*  =  3J3 
Refractive  system  efficiency  T5T 

Conservatively,  if  a  3  to  1  advantage  is  applied  to  the  same 
phosphor  such  that  only  one- third  (1/3)  of  the  brightness  is  required  at  the 
CRT,  l.e.,  3,000  foot  lamberts,  the  required  current  density  is  10  m, 

anps/cm*  or  about  22*  of  that  required  to  produce  the  higher  brightness, 
l.e., 

l°.  Ha/.CJ2  x  100  =  22% 

45  j|a/cm* 

A  relative  life  expectancy  of  four  and  one-half  (4  1/2)  could  be  realized, 
l.e.. 


45  ua/cm2  s  4  5 
10  u a/cm2 


V.  Flare 


Prior  to  correction,  the  diffractive  HUD  was  susceptible  to  both 
image  and  chromatic  flare  (secondary  images)  when  velwing  point  sources  of 
light  (runway  lights)  in  a  dark  surrounding  (at  night). 

A  dual  laser  beam  approach  previously  used  in  the  manufacturing 
process  of  the  HOE  developed  secondary  holograms  in  the  diffractive  element. 
Stray  reflections  from  optical  components  and  mounts  in  the  laser  paths  found 
their  way  to  the  diffractive  element  and  caused  secondary  hologram  (reflective 
holograms)  formations  during  the  exposure  sequence. 

Through  the  use  of  a  single  beam  exposure  technique  in  which  the 
laser  beam  is  reflected  from  an  aspheric  concave  mirror  surface  located  behind 
the  HOE  and  also  intersects  the  same  oncoming  laser  beam  on  the  HOE  which  is 
located  in  an  oil  cell,  many  secondary  holograms  are  eliminated,  some  are 
reduced,  and  flare  Is  minimized. 

So  long  as  lens  power  for  collimation  is  required  in  the 
diffractive  combiner,  some  small  amount  of  flaring  will  be  present. 

If  the  secondary  flare  can  be  reduced  to  one-hundredth  (2  orders  of 
magnitude)  or  less  in  brightness  to  the  primary  image,  the  flare  should  be 
tolerable  and  present  little  problem. 

Combiner  flare  measurements  made  during  the  acceptance  test 
procedure  (AW)  of  the  diffractive  HUD  using  a  He  Ne  laser  was  0.05*  In  the 
first  order  beam,  l.e.. 
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First  order  diffractive  beam  location  *  0.003  ftl  x  inn  =  o  or* 

Zero  order  diffractive  beam  location  6.3  ftl 

The  ratio  of  secondary  to  primary  image  brightness  is  5  x  10“4 
which  is  closer  to  4  orders  of  magnitude  difference  and  should  be  quite 
tolerable. 


vi.  Summary 

The  design  considerations  for  selecting  a  diffractive  optics  lens 
system  rather  than  a  refractive  lens  system  in  a  HUD  should  be: 

•  Increased  FOV 

•  Improved  HUD  viewablllty 

•  More  reliable  operation 

•  Lower  life  cycle  cost 

In  the  realm  of  display  performance,  a  diffractive  optics  lens 
system  should  permit  the  following: 

•  Extended  off  boresight  coverage,  enhancing  target  acquisition 
and  designation,  attack  and  landing  modes. 

•  Simultaneous  air-to-air  and  air-to-ground  coverage  without 

switching  or  adjustment 

•  Reduced  pilot's  head  movements  and  fewer  physical  constraints 
on  the  pilot 

•  Reduced  display  clutter 

•  Additional  peripheral  symbology 

•  Television  raster  (FLIR/LLTV),  stroke  superimposed  over  raster 
during  refresh  cycle 

•  Increased  display  brightness/contrast 

•  Higher  combiner  transmissivity 

•  Minimum  visual  obstruction  in  the  central  field 

•  Reduced  maintenance  requirements  as  a  result  of  longer  CRT 

life  and  lower  High  Voltage  Power  Supply  (H VPS)  failure  rates. 

Figure  16  illustrates  the  HUD  performance  comparison  between  the 
F-18  HUD  and  the  AIDS/F-18  DHUD.  Major  advantages  of  the  new  diffractive 
technology  provide  for: 

•  Higher  combiner  transparency  (85%  light  transmission) 

•  Higher  combiner  reflectance  (80%  symbology  reflectance) 

•  Higher  symbol  brightness  for  Improved  visibility. 

Stroke  symbology  as  high  as  3,000  ft-1 

525/875  TY  line  raster  as  high  as  1,000  ft-1 

•  Stroke  symbology  can  be  displayed,  superimposed  over  525/875 
raster 

•  Night  Sensor  compatibility  (FLIR/LLTY) 

•  Larger  FOV: 

TFOV  -  30*H  x  22*V 

I FOV  -  30*H  x  18*V 

TV  FOV  -  24*H  x  18*V 


19 


NADC-82 1 47 - 60 


F-18  AIDS/F-18 

DUAL  COMBINER  SINGLE  COMBINER 

REFRACTIVE  OPTICS  HUD  DIFFRACTION  OPTICS  HUD 


20°  DIA 

TOTAL  FOV 

22°  X  30° 

16°  X 16° 
(DETERMINED  BY 
COLLIMATING 

LENS  SIZE/DISTANCE) 

INSTANTANEOUS  FOV 

i  qo  y  •in0 

(DETERMINED  BY 
COMBINER 
SIZE/DISTANCE) 

1600  fL 

SYMBOL  BRIGHTNESS 

3000  fL 

NA 

SENSOR  VIDEO  BRIGHTNESS 

1000 fL 

70% 

COMBINER  TRANSPARENCY 

85% 

Figure  16.  HUD  Performance  Comparison  Between  F-18  HUD,  and  AIDS/F-18  HUD 
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